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(57) Abstract 



Anti-microbial coatings and method of forming same on medical devices are provided. The coatings are formed by depos- 
iting a biocompatible metal by vapour deposition techniques to produce atomic disorder in the coating such that a sustained re- 
lease of metal ions suffident to produce an anti-microbial effect is achieved. Preferred deposition conditions to achieve atomic 
disorder mclude a lower than normal substrate temperature, and one or more of a higher than normal working gas pressure and a 
lower than normal angle of incidence of coating flux. Anti-microbial powders formed by mechanical working to produce atomic 
disorder are also provided. The invention extends to other metal coatings and powders similarly formed so as to provide en- 
hanced solubility. ^ 
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1 "ANTI-MICROBIAL COATING FOR MEDICAL DEVICES" 

s 2 FIELD OF IHE INVENTION 

3 This invention relates to methods for preparing modified materials such as metal 

* 4 coatings or powders in a form such that metal species are released on a sustainable basis at 

5 an enhanced rate. In a particular aspect, the invention relates to methods of forming anti- 

6 microbial coatings and powders of biocompatible metals which provide a sustained release of 

7 anti-microbial metal species when in contact with body fluids or body tissues. 

8 BACKGROUND OF THE INVENTION 

9 The need for an effective anti-microbial coating is well established in the 

10 medical community. Physicians and surgeons using medical devices and appliances ranging 

11 from orthopaedic pins, plates and implants through to wound dressings and urinary catheters 

12 must constantly guard against infection. An ine}q)ensive anti-microbial coating also finds 

13 application in medical devices used in consumer healthcare and personal hygiene products as 

14 well as in biomedical/biotechnical laboratory equipmmt. The term "medical device", as used 

15 herein and in the claims is meant to extend to all such products. 

16 The anti-microbial effects of metallic ions such as Ag, Au, Pt, Pd, Ir (i.e. the 

17 noble metals), Cu, Sn, Sb, Bi and Zn are known (see Morton, H.E., Pseudomonas in 

18 Disinfection, Sterilization and Preservation, ed. S.S. Block, Lea and Febiger, 1977 and Grier, 

19 N., Silver and Its Compounds in Disinfection, Sterilization and Preservation, ed. S.S. Block, 
2 0 Lea and Febign, 1977). Of the metallic ions with anti-microbial properties, silver is perhaps 

21 the best known due to its unusually good bioactivity at low concentrations. This phenomena 

22 is termed oligodynamic action. In modem medical practice both inorganic and organic soluble 

23 salts of silver are used to prevent and treat microbial infections. While these compounds are 

24 effective as soluble salts, they do not provide prolonged protection due to loss through 

25 removal or complexation of the free sHver ions. They must be reapplied at frequent intervals 

26 to ovCTCome this problem. Reapplication is not always practical, especially where an in- 

27 dwelling or implanted medical device is involved. 

28 Attempts have been make to slow the release of silver ions during treatment by 

29 creating silver containing complexes which have a lower level of solubility. For example, 



1 
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1 U.S. Patent 2,785, 153 discloses colloidal silver piotdn for this purpose. Such compounds are 

2 usually fonnulated as creams. These compounds have not found wide applicability in the 

3 medical area due to their limited efBcacy. The silver ion release rate is very slow. 

4 Furthmnore, coatings from such compounds have been limited due to adhesion, abrasion 

5 resistance and shelf life problems, 

6 The use of silver metal coatings for anti-microbial purposes has been suggested. 

7 For instance, see Deitch et al.. Antimicrobial Agents and Chemotherapy, Vol. 23(3), 1983, 

8 pp. 356-359 andMacfeenet al., Antimicrobial Agents and Chemothraapy, Vol. 31(1), 1987, 

9 pp. 93 - 99* However, it is generally accepted that such coatings alone do not provide the 
10 required level of efficacy, since diffusion of silver ions from the metallic surface is negligible. 
^1 A silver metal coating is produced by Spire Corporation, U.S.A. under the 

12 trade mark SPI-ARGENT. The coating is formed by an ion-beam assisted deposition QBAD) 

13 coating process. The infection resistant coating is stated to be non-leaching in aqueous 

14 solutions as demonstrated by zone of inhibition tests, thus enforcing the belief that silver metal 

15 surfaces do not release anti-microbial amounts of silver ions. 

Given the fiulure of metallic silver coatings to genoate the required anti- 

17 microbial efficacy, othCT researches have tried novel activation processes. One technique is 

18 to use dectrical activation of metallic silver implants (see kferino et al.. Journal of Biological 

19 Physics, Vol. 12, 1984, pp. 93 - 98). Electrical stimulation of metaUic silver is not always 

20 practical, especially for mobile patients. Attempts to overcome this problem indude 

21 developing in situ dectrical currents through galvanic action. Metal bands or layers of 

22 different metals are deposited on a device as ftin film coatings. A galvanic cdl is created 

23 when two metals in contact with each other are placed in an electricaUyco^ One 

24 metal layer acts as an anode, v^ch dissolves into the electrolyte. The second metal acts as 

25 a cathode to drive the electrochemical cell. For example, in the case of alternating layers of 

26 Cu and Ag, the Cu is the anode, releasing Cu* ions into the electrolyte. The more noble of 

27 the metals, Ag, acts as the cathode, which does not ionize and does not go into solution to any 

28 large extent. An exemplary device of this nature is described in U.S. Patent 4,886,505 issued 

29 Dec. 12, 1989, to Haynes et al. The patent discloses ^utter^ coatings of two or more 

30 different metals with a switch affixed to one of the metals such that, when the switch is 

31 closed, metal ion release is achieved. 

2 
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1 Previous work has shown that a film composed of thin laminates of alternating, 

2 different metals such as silver and copper can be made to dissolve if the surface is first etched. 

3 In this instance, the etching process creates a highly t»tured surface (see M. Tanemura and 

4 F. Okuyama, J. Vac. Sci. TechnoL, 5, 1986, pp 2369-2372), However, the process of 

5 making such multilaminated films is time consuming and expensive. 

6 Electrical activation of metallic coatings has not presented a suitable solution 

7 to the problem. It should be noted that galvanic action will occur only when an electrolyte 

8 is present and if an electrical connection between the two metals of the galvanic couple exists. 

9 Since galvanic corrosion occurs primarily at the metallic interface between the two metals, 

10 electrical contact is not sustained. Thus a continuous release of metal ions over an extended 

11 period of time is not probable. Also, galvanic action to release a metal such as silver is 

12 difficult to achieve. As indicated above, the metal ions exhibiting the greatest anti-microbial 

13 effect are the noble metals, such as Ag, Au, Ft and Pd. There are few metals more noble 

14 than these to serve as cathode materials so as to drive the release of a noble metal such as Ag 

15 at the anode. 

A second £^roach to activating the silver metal surface is to use heat or 

17 chemicals. U.S. Patents 4,476,590 and 4,615,705, issued to Scales et al. on October 16, 1984 

18 and October 7, 1986, respectively, disclose methods of activating silver surface coatings on 

19 endoprosthetic implants to Tender them bioerodible by heating at greater than 180**C or by 

20 contacting with hydrogen peroxide. Such treatments are limited in terms of the 

21 substrate/devices which can be coated and activated. 

22 There is still a need for an efficacious, inexpensive anti-microbial material 

23 having the following properties: 

24 - sustained release of an anti-microbial agent at therapeutically active levels; 

25 - applicable to a wide variety of devices and materials; 

26 -useful shelf life; and 

27 - low mammalian toxicity. 

28 . Metal coatings are typically produced as thin films by vapour deposition 

29 techniques such as sputtering. Thin films of metals, alloys, semiconductors and ceramics are 
3 0 widely used in the production of electronic components. These and other end uses require the 

31 thin films to be produced as dense, crystalline structures with minimal defects. The films are 

32 often annealed after deposition to aihance grain growth and recrystallization and produce 
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Stable properties. Techniques to dqwsit metal films are leviewed by R.F. Bunsbah et al., 
"Deposition Technologies fior Films and Coatings", Noyes Publications, NJ., 1982 and by 
J. A. Thornton, "Influence of Apparatus Geometry and Dqwation Conditions on the Structure 
and Topogi^hy of Thick Sputtraed Coatings", J. Vac. Sd. TechnoL, 11(4), 666-670, 1974. 

U.S. Patent No. 4,325,776, issued Aptil20, 1982 to Menzd discloses aprocess 
for producing coarse or single crystal metal films fl»m certain metals for use in integrated 
drcuits. The metal film is formed by depoating on a cooled substrate (below -90*C) such that 
the metal layer is m an amorphous phase. The metal layer is lh«i annealed by heating the 
substrate up to about room tempMature. The end product is stated to have large grain 
diameter and great homogeneity, permitting higher current densities without electromigration 
&ilures. 

SUMMARY OF THE INVENTION 
The inventors set out to develop an antimicrobial metal coating. Th^ 
discovered that, contrary to previous belief, it is possible to form metal coatings from an 
antimicrobial metal material by creating atomic disorder in the materials by v^ur deposition 
under conditions which limit diffusion, that is which "freeze-in" the atomic disorder. The 
anti-mictobial coatings so produced were found to provide sustained release of anti-microbial 
metal ^)ecies into scdution so as to produce an anti-microbial effect 

This basic discovery linking "atomic disorder" to enhanced solubility has broad 
plication. The invraitors have demonstrated that atomic disorder so as to produce solubility 
can be created in other material forms, such as metal powders. The invention also has 
plication beyond anti-microbial metals, encompassing any metal, metal alloy, or metal 
conqxnmd, including semiconductor or ceramic materials, from which sustained release of 
metal spedes into solution is desired. For instance, materials having enhanced or controlled 
metal dissolution find appUcation in sensors, switches, fuses, electrodes, and batteries. 

The term "atomic disorder" as used herein includes high concentrations oft 
point defects in a crystal lattice, vacancies, line defects such as dislocations, interstitial atoms, 
amorphous regions, grain and sub grain boundaries and the like relative to its normal ordered 
crystalline state. Atomic disorder leads to irregularities in surfiice topogr^hy and 
inhomogenieties in the structure on a nanometre scale. 
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1 By the term ^'normal ordered crystalline state" as used herein is meant the 

2 crystallinity normally found in bulk metal matraals, alloys or compounds formed as cast, 

3 wrought or plated metal products. Such materials contain only low concentrations of such 

4 atomic defects as vacancies, grain boundaries and dislocations. 

5 The term ^'diffusion" as used herein implies diffusion of atoms and/or molecules 

6 on the surface or in the matrix of the matoial being formed. 

7 The terms "metal" or "metals" as used herein are meant to include one or more 

8 metals whether in the form of substantially pure metals, alloys or compounds such as oxides, 

9 nitrides, borides, sulphides, halides or hydrides. 

10 The invention, in a broad aspect extends to a method of forming a modified 

11 material containing one or more metals. The method comprises creating atomic disorder in 

12 the material unda conditions which limit diffusion such that sufficient atomic disorder is 

13 retained in the material to provide release, preferably on a sustainable basis, of atoms, ions, 

14 molecules or clustm of at least one of the metals into a solvent for the material. Clusters are 

15 known to be small groups of atoms, ions or the like, as described by R.P. Andres et al., 

16 "Research Opportunities on Clusters and Clust»-Assembled Materials", J. Mater. Res. Vol. 

17 4, No. 3, 1989, P. 704. 

18 Specific preferred embodiments of the invention demonstrate that atomic 

19 disorder may be created in metal ix>wders or foils by cold working, and in metal coatings by 

20 depositing by vapour deposition at low substrate temperatures. 

21 In another broad aspect, the invention provides a modified material comprising 

22 one or more metals in a form characterized by sufficient atomic disorder such that the 

23 material, in contact with a solvent for the material, releases atoms, ions, molecules or clusters 

24 containing at least one metal, preferably on a sustainable basis, at an enhanced rate relative 

25 to its normal ordered crystalline state. 

26 In preferred embodiments of the invention, the modified material is a metal 

27 powder which has been mechanically worked or compressed, under cold working conditions, 

28 to create and retain atomic disorder. 

29 The term "metal powder" as used herein is meant to include metal particles of 

30 a broad particle size, ranging from nanocrystalline powders to fiakes. 

31 The term "cold working" as used herein indicates that the material has been 

32 mechanically worked such as by milling, grinding, hammering, mortar and pestle or 
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1 compressing, at temperatures lower than the recaystallization temperature of the material. 

2 This ensures that atomic disorder imparted through wotidng is retained in the material. 

3 Li anotiier preened embodiment, Ae modified material is a metal coating 

4 formed on a substrate by vs^ur deposition techniques such as vacuum evaporation, 

5 sputtering, magnetron sputtering or ion plating. The material is formed under conditions 
whichlimit difiusion during deposition and which limit annealing or recrystallization foHowing 
deposition. The deposition conditions preferably used to produce atomic disorder in the 
coatings are outside the normal range of operating conditions used to produce defect free, 
dense, smooth fihns. Such normal practices are well known (see for example R.F. Bunshah 
et aL, ssaas). Preferably the deposition is conducted at low substrate temperatures such that 
the ratio of the substrate to tiie melting point of the metal or metal compound being deposited 
(T/Tm) is maintained at less than about 0.5, more preferably at less than about 0.35, and most 
preferably at less than 0.30. In fliis ratio, tiie temperatures are in degrees Kelvin. The 
preferred ratio wiU vary from metal to metal and increases with aUoy or impuritiy content. 
Other preferred deposition conditions to create atomic disorder include one or more of a 
higher tiian normal working gas pressure, a lower tiian normal angle of mddence of the 

17 coating flux and a higher than normal coating flux. 

The tenq)erature of deposition or cold working is not so low that substantial 
annealing or recrystallization win take place when tiie material is brought to room temperature 
or its intended temperature for use (ex. body temperature for anti-microbial materials). If the 

temperaturediffeaentialbetweendqwsitionandtemperahireof use(AT) istoo great, annealing 
results, removing atomic disoider. This AT will vary ftom metal to metal and with tiie 
dqwsition technique used. For example, witii respect to silver, substrate temperahires of -20 
24 to 200"C are prefisned during physical vapour deposition. 

Normal or ambient woridng gas pressure for depositing tiie usually required 
dense, smooth, defect flee metal films vary according to tiie metiiod of physical vapour 
dqiosition being used. In general, for sputtering, tiie normal working gas pressure is less than 
75 mT (miffiTorr), for magnetoon sputtering, less tiian lOmT, and for ion-plating less tiian 
200 mT. Normal ambient gas pressures vary for vacuum evaporation processes vary as 
30 follows: for e-beam or arc evaporation, from 0.001 to 0.01 mT; for gas scattering 
evaporation (pressure plating) and reactive arc evaporation, up to 200 mT, but typically less 
tiian 20 mT. Thus, in accordance witii tiie metiiod of the present invention, in addition to 
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1 using low substrate temperatures to achieve atomic disorder, working (or ambient) gas 

2 pressures higher than these normal values may be used to increase the level of atomic disorder 

3 in the coating. 

4 Another condition discovered to have an effect on the level of atomic disord^ 

5 in the coatings of the present invention is the angle of incidence of the coating flux during 

6 deposition. Normally to achieve dmse, smooth coatings, this angle is maintained at about 90^ 

7 +/- 15®. In accordance with the present invention, in addition to using low substrate 

8 temperatures during dq)osition to achieve atomic disorder, angles of incidence lower than 

9 about 75® may be used to increase the level of atomic disorder in the coating. 

10 Yet another process parameter having an effect on the level of atomic disorder 

11 is the atom flux to the surface bdng coated. ICgh deposition rates tend to increase atomic 

12 disorder, however, high deposition rates ^so tend to increase the coating tenqierature. Thiis, 

13 there is an optimum deposition rate that depmds on the deposition technique, the coating 

14 material and other process parameters. 

15 To provide an anti-microbial material, the metals used in the coating or powder 

16 are those which have an anti*microbial effect, but which axe biocompatible (non-toxic for the 

17 intended utility). Preferred metals include Ag, Au, Pt, Pd, Ir tfie noble metals), Sn, Cu, 

18 Sb, Bi, and Zn, compounds of these metals or alloys containing one more of these metals. 

19 Such metals are herdnafto referred to as "anti-microbial metals"). Most preferred is Ag or 

20 its alloys and compounds. Anti-microbial materials in accordance with this invention 

21 preferably are formed with sufficient atomic disorder that atoms, ions, molecules or clusters 

22 of the anti-microbial material are released into an alcohol or watCT based electrolyte on a 

23 sustainable basis. The terms ''sustainable basis" is used herein to differentiate, on the one 

24 hand from the release obtained from bulk metals, which release metal ions and the like at a 

25 rate and concentration which is too low to achieve an anti-microbial effect, and on the other 

26 hand from the release obtained from highly soluble salts such as silver nitrate, which release 

27 silver ions virtually instanUy in contact with an alcohol or water based electrolyte. In 

28 contrast, the anti-nucrobial materials of the present invention release atoms, ions, molecules 

29 or clusters of the anti-nucrobial metal at a sufficient rate and concentration, over a sufficient 
3 0 time period to provide a useful anti-microbial effect. 

31 The term "anti-microbial effect" as used herein means that atoms, ions, 

32 molecules or clusters of the anti-microbial metal are released into the electrolyte which the 

7 
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1 material contacts in concaitiations suffideat to inhibit bactoial giowth in die vicinity^ of flie 

2 material. The most common mefliod of measuring anti-microbial effect is by measuring the 

3 zone of inhibition ^OI) created Miien the material is placed <m a bacterial lawn. Azelativdy 

4 small or no ZOI (ex. less than 1 mm) indicates a non-us^ anti-mioobial effect, vMLt sl 

5 larger ZOI (ex. greater than 5 mm) indicates a highly usefiil anti-microbial effect One 

6 procedure for a ZOI test is set out in the Examples whidi follow. 

The invoition extoids to devices such as medkal devices formed from, 

8 incorporating, carrying or coated wiA the anti-microbial powders or coatings. The anti- 

9 microbial coating may be directly deposited by vapour deposition onto such medical devices 

10 as catheters, sutures, implants, bum dressings and the like. An adhesion layer, such as 

11 tantalum, may be appUed between the device and the anti-microbial coating. Adhesion may 

12 also be enhanced by methods known in the art, for example etching the substrate or forming 

13 a mixed intaface between the substrate and the coating by simultaneous sputtering and 

14 etching. Anti-microbial powders may be incorporated into creams, polymers, ceramics, 

15 paints, or other matrices, by techniques well known in the art. 

In a further broad aspect of the invention, modified material^ are prepared as 

17 composite metal coatings containing atomic disorder. In this case, the coating of the one or 

18 more metals or conqwunds to be released into solution constitutes a matrix containing atoms 

19 or molecules of a different maiBriaL The presence of different atoms or molecules rcsulfs in 

20 atomic disorder in flie metal matrix, for instance due to different sized atoms. Thediferent 

21 atoms or molecules may be one or more second metals, metal alloys or metal compounds 

22 which are CO- or sequentiaUy d^sited witii the first metal or metals to be released. 

23 Altematiyeiy tiie different atoms or molecules may be absoriied or trapped fiom tiie woridng 

24 gas atmosphere during reactive vapour deposition. The degree of atomic disorder, and flius 

25 solubiUty, achieved by tiie inclusion of tfie different atoms or molecules varies, depending on 

26 the materials. In order to retain and enhance the atomic disorder in the composite material, 

27 one or more of flie above-described vapour deposition conditions, namely low substrate 

28 temperature, high working gas pressure, low angle of incidence and high coating flux, may 

29 be used in combination wifli tfie inclusion of different atoms or molecules. 

Preferred composite materials for anti-microbial purposes are formed by 

including atoms or molecules containing oxygen, nitrogen, hydrogen, boron, sulphur or 
halogens in flie working gas atmosphere while dqwsiting flie anti-microbial metal. Hiese 

8 
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1 atoms or molecules are incorporated in the coating either by being absorbed or trapped in the 

2 fflm, or by reacting with the metal bang dqwsited. Both of these mechanisms during 

3 deposition are hereinafter referred to as "reactive depostion". Gases containing these 

4 elements, for example oxygen, hydrogen, and water vapour, may be provided continuously 

5 or may be pulsed for sequential deposition. 

6 Anti-microbial composite materials are also preferably prepared by co- or 

7 sequentially depositing an anti-microbial metal with one or more inert biocompatible metals 

8 selected from Ta, Ti, Mb, Zn, V, Hf, Mo, Si, and Al. Alternatively, the composite materials 

9 may be formed by co-, sequentially or reactively depositing one or more of the anti-microbial 

10 metals as the oxides, carbides, nitrides, borides, sulphides or halides of these metals and/or 

11 the oxides, carbides, nitrides, borides, sulphides or halides of the inert metals. Particularly 

12 preferred composites contain oxides of silver and/or gold, alone or together with one or more 

13 oxides of Ta, H, Zn and Nb. 



14 DESCREPnON OF THE PREFERRED EMBODIMENTS 

15 As above stated, the present invention has application b^ond anti-microbial 

16 materials. Boweva, the invention is disclosed herein with anti-mioobial metals, which are 

17 illustrative of utility for otfao: metals, metal alloys and metal compounds. Preferred metals 

18 include Al and Si, and the metal elements from the following groups of the periodic table: 

19 niB, IVB, VB, VIB, VUB, VmB, IB, HB, niA, IVA, and VA (excluding As) in the periods 

20 4, 5 and 6, (see Periodic Table as published in Merck Index 10th Ed., 1983, Merck and Co. 

21 Inc., Rahway, NJ., Martha Windholz). Diff«ent metals will have varying degrees of 

22 solubility. However, the creation and retention of atomic disorder in accordance with this 

23 invoition results in enhanced solubility (release) of the metal as ions, atoms, molecules or 

24 dusters into an s^ropriate solvoit i.e. a solvait for the particular material, ^ically a polar 

25 solvent, over the solubility of the matraial in its normal ordered crystalline state. 

26 The medical devices formed from, incorporating, carrying or coated with the 

27 anti-mioobial material of Has invention goioally come into contact with an alcohol or water 

28 based electrolyte including a body fluid (for ocample blood, urine or saliva) or body tissue 

29 (for example skin, muscle or bone) for any period of time such that microoiganism growth 

30 on the device surface is possible. The term "alcohol or water based electrolyte" also includes 

9 
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alcohol or water based gels. Li most cases the devices are medical devices such as catheters, 
implants, tracheal tubes, orthopaedic pins. Insulin pumps, wound closures, drains, dressings, 
shunts, connectors, prosthetic devices, pacemaker leads, needles, surgical instruments, dental 
prostheses, ventilator tubes and the like. However, it should be understood that the invention 
is not limited to such devices and may extend to oth« devices us^ in consumer healflicare, 
such as sterile packaging, clothing and footwear, personal hygiene products sudi as diapers 
and sanitary pads, in biomedical or biotechnical laboratory equipment, such as tables, 
endosuies and waU covraings, and die like. The term "medical device" as used herein and 
in die daims is intended to ectend broadly to all such devices. 

Thedevicemaybemadeof any suitable material, for example metals, including 
steel, aluminum and its afloys, latex, nylon, silicone, polyester, glass, ceramic, p^, cloth 
and other plastics and rubbers. For use as an in-dwelling medical device, the device will be 
made of a bioinert material. The device may take on any shape dictated by its utiUty, ranging 
ftom flat sheets to discs, rods and hoUow tubes. The device may be rigid or flexible, a fector 

15 again dictated by its intended use. 

16 Anti-^Rcm h^al Cnatin^^ 

anti-microbial coating in accordance with this invention is deposited as a 
thin metallic film on one or more surfeces of a medical device by vapour deposition 
techniques. Physical v^ur techniques, M*ich are wdl known in the art, 
ftom the vsqwur, generally atom by atom, onto a substrate surfiice. The techniques indude 
vacuum or arc ev^wration, sputtering, magnetron si>uttering and ion plating. The dqwsition 
is conducted in a manner to create atomic disorder in the coating as defined herdnabove. 
Various conditions responsible for producing atomic disorder are useful. These conditions are 
generany avoided in thin film deposition techniques where the object is to create a defect ftee, 
smooth and dense film (see fi>r example J.A. Thornton, agaa). While such conditions have 
been investigated in die art, they have not heretofore been linked to enhanced solubiUty of die 
27 coatings so-produced. 

^® preferred conditions which are used to create atomic disorder during die 

29 deposition process include: 

- a low substrate temperattire, that is maintaining die surfece to be coated at a 
temperature such diat die ratio of die substrate temperature to die melting point of die metal 

10 
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1 Qn degrees Kelvin) is less than about 0.5» more preferably less than about 0.35 and most 

2 preferably less than about 0.3; and optionally one or both of: 

3 - a higher than normal working (or ambient) gas pressure, i.e. for vacuum 

4 evaporation: e-beam or arc evaporation, greater than 0.01 mT, gas scattering evaporation 

5 (pressure plating) or reactive arc evaporation, greats than 20 mT; for sputtering: greater than 

6 75 mT; for magnetron sputtering: greater than about 10 mT; and for ion plating: greater than 

7 about 200 mT; and 

8 - maintaining the angle of incidence of the coating flux on the surface to be 

9 coated at less than about 75"^, and preferably less than about 30^ 

10 The metals used in the coating are those known to have an anti-microbial effect. 

11 For most medical devices, the metal must also be biocompatible. Preferred metals include the 

12 noble metals Ag, Au, Pt, Pd, and Ir as well as Sn, Cu, Sb, Bi, and Zn or alloys or 

13 compounds of these metals or other metals. Most preferred is Ag or Au, or alloys or 

14 compounds of one or more of these metals. 

15 The coating is formed as a thin film on at least a part of the surface of the 

16 medical device. The film has a thickness no greater than that needed to provide release of 

17 metal ions on a sustainable basis ovesr a suitable poiod of time. In that respect, the thickness 

18 will vary with the particular metal in the coating (which varies the solubility and abrasion 

19 resistance), and with the degree of atomic disorder in (and thus the solubility of) the coating. 

20 The thickness will be thin enough that the coating does not interfere with the dimrasional 

21 tolerances or flexibility of the device for its intended utility. Typically, thicknesses of less 

22 than 1 micron have been found to provide sufficient sustained anti-microbial activity. 

23 Increased thicknesses may be used depending on the degree of metal ion release needed over 

24 a period of time. Thicknesses greater than 10 microns are more esqpensive to produce and 

25 normally should not be needed. 

2 6 The anti-microbial effect of the coating is achieved when the device is brought 

27 into contact with an alcohol or a water based electrolyte such as, a body fluid or body tissue, 

28 thus releasing metal ions, atoms, molecules or clusters: The concentration of the metal which 

29 is needed to produce an anti-mi^obial effect will vary from metal to metal. Generally, anti- 

30 microbial effect is achieved in body fluids such as plasma, serum or urine at concentrations 

31 less than about 0.5 - 1.5 /ig/ml. 

11 
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1 The ability to aciiieve release of metal atoms, ions, molecules or dusters on a 

2 sustainable basis fiom a coating is dictated by a number of fectors, induding coating 

3 characteristics such as composition, structore, solubility and thickness, and Oe nature of fte 

4 environment in which the device is used. As die level of atomic disordo- is increased, the * 

5 amount of metal ions rdeased per unit time inczeases. For instance, a silver metal film 

6 dq)osited by magnetrcm sputtering at T/Tm < 0.5 and a vfodang gas pressure of about 7 '"^ 

7 mToir releases approximatdy 1/3 of the silver ions that a film deposited under similar 

8 conditions, but at 30 mTori, win release over 10 days. Kims that are created with an 

9 intermediate structure (ex. lower pressure, lower angle of incidence etc.) have Ag release 

10 values intermediate to these values as determined by bioassays. This flien provides a method 

11 for produdng controlled release metaUic coatings in accordance with this invention. Slow 

12 release coatings are prepared such that the degree ofdisordCT is low while fast release coalings 

13 are prepared such that the degree of disorder is high. 

I'or continuous, uniform coatings, the time required for total dissolution will 

15 be a function of film thickness and the nature of the environment to which they are exposed. 

16 The relationship in respect of thickness is approximately linear, Le. a two fold increase in film 

17 thickness will result in about a two fold increase in longevity. 

" It is also possible to control tihe metal rdeasefijom a coating by forming a diin 

19 fibn coating witb a modulated structure. For instance, a coating deposited by magnetron 

20 sputtering such that the working gas pressure was low (ex. 15 mTorr) for 50% of die 

21 deposition time and high (ex. 30 mTorr) for the remaining time, has a r^d initial release of 

22 metal ions, followed by a longer period of slow rdease. This type of coating is extremely 

23 effective on devices sucb as utinaiy catheters for which an initial rapid release is required to 

24 achieve immediate anti-mictobial concentrations followed by a lower release rate to sustain 

25 tiie concentration of metal ions over a period of weeks. 

The substrate teaspaatait used during vapour deposition should not be so low 

27 tiiat annealing or recrystallization of the coating takes place as the coating warms to ambient 

28 temperatures or the temperatures at which it is to be used (ex. body terapeiature). This 

29 allowable AT, that the temperature differential between the substrate temperature during ^ 
3 0 deposition and the ultimate temperature of use, will vary from metal to metal. For die most 

31 preferred metals of Ag and Au, preferred substrate tempaatures of -20 to 200»C , more 

32 preferably -lO^C to 100»C are used. 

12 
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1 Atomic order may also be achieved, in accordance with the presmt invention, 

2 by preparing composite metal materials, that is materials which contain one or more anti* 

3 microbial metals in a metal matrix which includes atoms or molecules different from the anti- 

4 microbial metals, 

5 Our technique for preparing composite material is to co- or sequentially deposit 

6 the anti-microbial metal(s) with one or more other inert, biocompatible metals selected from 

7 Ta, Ti, Nb, Zn, V, Hf, Mo, Si, Al and alloys of these metals or other metal elements, 

8 typically other transition metals. Such inert metals have a different atomic radii from that of 

9 the anti-microbial metals, which results in atomic disorder during deposition. Alloys of this 

10 kind can also serve to reduce atomic diffusion and thus stabilize the disordered structure. 

11 Thin film deposition equipment with multiple targets for the placement of each of the anti- 

12 microbial and inert metals is preferably utilized. Whm layers are sequentially deposited the 

13 layer(s) of the inert metal(s) should be discontinuous, for example as islands within the anti- 

14 microbial metal matrix. The final ratio of the anti-microbial metal(s) to inot metal(s) should 

15 be greater than about 0.2. The most preferable inm metals are Ti, Ta, Zn and Nb. Itisalso 

16 possible to form the anti-microbial coating from oxides, carbides, nitrides, sulphides, borides, 

17 halides or hydrides of one or more of the anti-microbial metals and/or one or more of the inert 

18 metals to achieve the desired atomic disorder. 

19 Another composite material within the scope of the present invention is formed 

20 by reactively co- or sequaitially depositing, by physical vapour techniques, a reacted material 

21 into the thin film of the anti-microbial metal(s>. The reacted material is an oxide, nitride, 

22 carbide, boride, sulphide, hydride or halide of the anti-microbial and/or inert metal, formed 

23 in situ by injecting the appropriate reactants, or gases containing same, (ex. air, oxygen, 

24 water, nitrogen, hydrogen, boron, sulphur, halogens) into the deposition chamber. Atoms or 

25 molecules of these gases may also become absorbed or trapped in the metal film to create 

26 atomic disorder. The reactant may be continuously supplied diuing deposition for 

27 codqx>sition or it may be pulsed to provide for sequential deposition. The final ratio of anti- 

28 microbial metal(s) to reaction product should be greater than about 0.2. Air, oxygen, nitrogen 

29 and hydrogen are particularly preferred reactants. 

30 The above deposition techniques to prqpare composite coatings may be used 

3 1 with or without the conditions of lower substrate temperatures, high working gas pressures and 

13 
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low angles of incidence previously discussed. One or more of these conditions is prefened 
to retain and oihance flie amount of atomic disorder created in the coating. 

It may be advantageous, prior to depositing an anti-micrbbial in accordance with 
tiiepresoitinvraition, to provide an adhesion layer on Oe (tevice to becoated» as is known * 
in the art For instance, for a latex device, a layer of Ti, Ta or Nb may be first deposited to 
«ihance adhesion of the subsequently deposited anti-micn^ial coating. 
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7 Anti-MiCTobial Powders 

8 Anti-mioobial powders, including nanocrystalline powders and powders made 
from rapidly solidified flakes or foils, can be formed with atomic disorder so as to enhance 
solubiUty. The powders either as pure metals, metal alloys or compounds such as metal 
oxides or metal salts, can be mechanically worked or compressed to impart atomic disorder. 
This mechanically imparted disorder is conducted under conditions of low temperature ^.e. 
temperatures less than the temperature of recrystallization of the material) to ensure that 
annealing or recrystallization does not take place. The temperature varies between metals and 

15 increases with alloy or impurity ccmtent. 

Anti-microbialpowdersproduced in accordance with this invention may be used 
in a variety of forms, far instance in topical creams, paints or adherent coatings. 
Alternatively, tiie powder may be incorporated into a polymeric, ceramic or metaUic matrix 
19 to be used as a material fair medical devfces or coatings therefor. 

The invention is further iUustrated by the foUowing non-limiting examples. 

21 Bcample 1 

A medical suture material size 2/0, polyester braid was coated by magnetron 
sputtering an Ag-Cu-aUoy onto the surfece to a thickness of 0.45 microns, using either argon 
gas working pressures of 7 mTorr or 30 mT at 0.5 KW power and a T/Tm ratio of less tiian 
25 0.5. 

The anti-microbial effect of the coatings was tested by a zone of inhibition test. 
Basal medium Eagle (BME) with Earle's salts and L-glutamine was modified with calf/serum 
(10%) and 1.5 % agar prior to being dispensed (15 ml) into Petri dishes. The agar 
containing Petri plates were allowed to surface dry prior to being inoculated wifli a lawn of 

14 
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1 Stcq^hylococcus aureus ATCC# 25923. The inoculant was prepared from Bactrol Discs 

2 (Difco, M.) which were reconstituted as per the manufacturer's directions. Immediately after 

3 inociilation^ the materials or coatings to be tested were placed on the surfa^ The 

4 dishes were incubated for 24 h at 3!TC. After this incubation period, the zone of inhibition 

5 was measured and a corrected zone of inhibition was calculated (corrected zone of inhibition 

6 = zone of inhibition - diameter of the test material in contact with the agar). 

7 The results showed no zone of inhibition on the uncoated suture, a zone of less 

8 than 0.5 mm around the suture coated at 7 mTorr and a zone of 13 mm aroimd the suture 

9 coated at 30 mTorr. Clearly the suture coated in accordance with the present invention 

10 exhibits a much more pronounced and effective anti-microbial effect. 

11 Example 2 

12 This example is included to illustrate the surface structures which are obtained 

13 when silver metal is deposited on silicon wafers using a magnetron sputtering faidlity and 

14 diffmnt working gas pressures and angles of incidence (i.e. the angle between the path of the 

15 sputtned atoms and the substrate). All other conditions were as follows: deposition rate was 

16 200 A7min; ratio of temperature of substrate (wafer) to melting point of silver (1234^, 

17 T/Tm was less than 0.3. Argon gas pressures of 7 mTorr (a normal working pressure for 

18 metal coatings) and 30 mTorr were used. Angles of incidence at each of diese pressures were 

19 90** (normal incidence), 50^ and 10". The coatings had a thickness of about 0.5 microns. 

2 0 The resulting surfeces were viewed by scanning electron microscope. As argon 

21 gas pressure increased from 7 to 30 mTorr the grain size decreased and void volume increased 

22 significantly. When the angle of incidence was decreased, the grain size decreased and the 
2 3 grain boundaries became more distinct. At 7 mTorr argon pressure and an angle of inddence 

24 of 10**, there were indications of some voids between the grains. The angle of incidence had 

25 a greater effect on the surface topography when the gas pressure was increased to 30 mTorr. 

26 At 90*", the grain size varied from 60 - 150 nm and many of the grains were separated by 

27 intergndn void spaces which were 15 - 30 nm wide. When the angle of incidence was 

28 decreased to 50", the grain size decreased to 30 - 90 nm and the void volume increased 

29 substantially. At 10", the grain size was reduced to about 10 - 60 nm and void volumes were 

30 increased again. 

15 
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The observed nanometre scale changes in suifece moiphology and topography 
are indications of atomic disorder in the sttver metaL While not bong bound by the same, 
itis bdieved that such atomic disorder results in an increase in die chemical activity due to 

4 increased internal stresses and surface roughness created by mism^^ ItisbeKeved 

5 that the increased chemical activity is responsible for the increased level of solubiHty of the 

6 coatings when in contact with an electrolyte such as body fluid. 

The anti-niicrbbial effect of the coatings was evaluated using the zone of 

inhibition test as set out in Brample 1 . Back coated siHcon wafer was placed on an individual 
plate. The results were compared to the zones of inhibition achieved when soUd silver a.e. 
greater than 99% silver) sheets, wires or membranes were tested. The results are summarized 
in Table 1. It is evident that the pure silver devices and the sUver sputtered coating at 7 
mTorrdonotproduceany biological effect. However, die coatings deposited at a higher than 
normal working gas pressure, 30 mTorr, demonstrated an anti-microbial effect, as denoted by 
the substantial zones of inhibition around the discs. Decreasing the angle of incidence had die 
greatest effect on anti-microbial activity when combined with the higher gas pressures. 
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1 Table I 

2 Anttmiecobial eflfeett of vsriout stiver and nlver coated samples as ddenniiied uuag Stapii^fioeoeoecn attnus 

3 

4 Sample Peiceot Angle of Wofki^g Gas Coffocted Zone 

5 Silver D^ontion P i essuie of Uubitioii 

6 (mTorr) (mm) 
7 

8 Silver Sheet- 

9 rolled 99+ - - <0^ 

10 

H Silver wire 

12 (.0045") 99+ - . <03 

13 

14 Silver membfane- 

15 cast 99+ - - <0^ 

16 

17 SputierBd thin 

18 film 99+ normal (90^ 7 <0^ 

19 

2 0 Sputtered thin 

21 film 99+ 5(f 7 <03 

22 

2 3 Sputtered thin 

24 fibn 99+100 7 <0^ 

25 

2 6 Sputtered thin 

27 fiUn 99+ aonnal^O*) 30 63 
28 

29 Sputtered thin 

30 fihn 99+ 50* 30 10 

31 ■ 

32 sputtered thin 

33 fibn 99+ 10 30 10 

34 
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1 Examples 

2 SiUcon wafers were coated by magnetron sputtering with an alloy of Ag and Cu 

3 (80:20) at nonnal inddence at working gas pressures of 7 mToir and 30 mTorr, all oth» 

4 conditions being identical te> those set out in Exaniple 2. As in Example 2, whoi the coatings 

5 wMe viewed by SEM, tiie coatings formed at high working gas pressure had smaller grain 

6 azes and larger void volumes than did the coatings formed at the lower working gas 

7 pressures. 

8 Coatings which were similarly formed firom a 50:50 Ag/Cu alloy were tested 

9 for anti-microbial activity wi& the zone of inhibition test set out in Example 1. The results 

10 are summarized in Table 2. Coatings deposited at low working gas pressure (7 mTorr) 

11 showed minimal zones of inhibition, while the coatings dqwsited at high working gas pressure 

12 (30 mTorr) produced larger zones of inhibition, indicative of anti-microbial activity. 

13 TaWe2 

14 "Ilie antimicrobial rffert of varimis^nttwdqwatodrilveMo^ 

15 mmus 
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20 
21 
22 

23 

24 

25 

26 

27 



Sanqile 


Percent 
Sflver 


Angle of 


Working Gas 

Piessore 

(mlon) 


Corrected 
Zone of 

Inhibition 

(nun) 


1 


50 


nonnal (90^ 


7.5 


<0.5 


2 


50 


nonnal (90) 


30 


16 


3 


50 


10 


30 
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1 Example 4 

2 A coating in accordance with the present invention was tested to determine the 

3 concentration of silver ions released into solution over time. One cm^ silicon wafer discs were 

4 coated with silver as set forth in Example 2 at 7 mToir and 30 mTorr and normal incidence 

5 to a thickness of SOOO A^ Using the method of Nictel et al., Eur. J. Clin. Microbiol., 4C2), 

6 213-218, 198S, a sterile synthetic urine was prepared and dispensed into test tubes (3.5 ml). 

7 The coated discs were placed into each test tubes and incubated for various times at 3TC. 

8 After various pmods of time, the discs were removed and the Ag content of the filtered 

9 synthetic urine was determined using neutron activation analysis. 

10 The results are set fordi in Table 3. The table shows the comparative amounts 

11 of Ag released over time firom coatings deposited on discs at 7 mToir or 30 mToir. The 

12 coatings deposited at high pressure wm more soluble than those deposited at low pressure. 

13 It should be noted that this test is a static test. Thus, silver levels build up over time, which 

14 would not be the case in body fluid where there is constant turn over. 
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1 






Tables 


2 


ConcCTtratioxi of silver 


in syndiedc mine as a foncticm of exposoie *nwtA 


3 
4 




Silver Concentration ^g/nd 


5 
6 
7 
8 


Exposure Time 


WoridngAzgon 
gas ptessuie -~ 
TmTorr 


Woridng argcHi 
SQmToir 


9 


0 


NDl 


ND 


10 








11 


1 


0.89 


L94 


12 








13 


3 


1.89 


236 


14 








15 


10 


8.14 


23.06 


16 









Note: Films weie deposited at nonnai itiet<jq>nce ^QO) 
1 - ND (non detectable) <0.46 /ig/ml 
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1 Example 5 

2 This example is included to illustrate coatings in accordance with the present 

3 invmtion formed from another noble metal, Pd. The coatings were formed on silicon wafers 

4 as set forth in Bcample 2, to a thickness of 5000 , using 7 mTorr or 30 mTorr working 

5 gas pressures and angles of incidence of 90^ and 10^. The coated discs were evaluated for 

6 anti-microbial activity by the zone of inhibition test substantially as set forth in Example 1. 

7 The coated discs were placed coating side up such that the agar formed a 1 mm surface 

8 coating over the discs. The medium was allowed to solidify and surface dry, after which the 

9 bacterial lawn was spread over the surface. The dishes were incubated at SV^'C for 24 h. The 

10 amoimt of growth was then visually analyzed. 

11 The results are set forth in Table 4. At high working gas pressures, the 

12 biological activitjr of the coating was much greats than that of coatings dq)osited at low 

13 pressure. Changing the angle of inddisnce (deceasing) improved the anti-microbial effect of 

14 the coating to a greats extent when the gas pressure was low than when it was high. 
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1 Table4 

2 Snriaee Cnnlrol nf y^pIiYl«f^«yH»ii^ amgUS hy Sputter r>«»p~H»«wf ■ pallaA'mn «nafail 



3 



4 

5 
6 


Sample Sputteriag 
Pressure 


Angle of 
Deposition 


Antmiictobial CooCiol 


7 
8 


1 


7niT 


90^(nonnal incidence) 


Moxe than 90% of sut&ce covered by bacterial growth 


9 
10 


2 


7mT 


l(f(gra7iBg incidence) 


20-40% of suxftoe covered by bacterial growth 


11 
12 


3 


3QiiiT 


90^nonnal incidence) 


Less than 10% suxftce covered by bacterial growth 



13 Examples 

14 This example is included to illustrate the effect of silver deposition temperature 

15 on the antimicrobial activity of the coating. Silver metal iras dqiosited on 2.5 cm sections 

16 of a ktex Foley catheter using a magnetron q)utterinffiacility. Operating conditions were as 

17 follows; the deposition rate was 200 A*^ per minute; the argon working gas pressure was 
IS 30mTorr; and the ratio of temperature of substrate to melting point of the coating metal sEver, 

19 T/Tm was 0.30 or 0.38. In this example the angles of incidence were variable since the 

20 substrate was round and rough. That is the angles of incidence varied around the 

21 circumference and, on a finer scale, across die sides and tops of the numerous surfece 

22 features. The antimicrobial effect was tested by a zone of inhibition test as ouflined in 

23 Example 1. 

24 The results showed corrected zones of inhibition of 0.5 and 16 mm around the 

25 tubing coated at T/Tm values of 0.38 and 0.30 respectively. The sections of Foley catheter 

26 coated at the low^ T/Tm value were more efficacious than those coated at higher T/Tm 

27 value. 
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1 Example 7 

2 This example is included to demonstrate an antimicrobial coating formed by DC 

3 magnetron sputtering on a commercial catheter. A teflon coated latex Foley cath^er was 

4 coated by DC magnetron sputtering 99.99% pure silver on the surfece using the conditions 

5 listed in Table 5. The working gases used were conrawadal Ar and 99/1 wt% Ar/Oj. 

6 The antimicrobial effect of the coating was tested by a zone of inhibition test. Mueller 

7 Hinton agar was dispensed into Petri dishes. The agar plates were allowed to surfece dry 

8 prior to being inoculated with a lawn of Swpkylococcus aureus ATCC# 25923. The inoculant 

9 was prepared from Bactrol Discs (Difco, M.) which were reconstituted as per the 

10 manufecturer's directions. Immediately after inoculation, the coated mat»ials to be tested 

11 wCTeplacedon the surfece of the agar. The dishes were incubated for 24 hr. at 37°C. After 

12 this incubation period, the zone of inhibition was measured and a corrected zone of inhibition 

13 was calculated (corrected zone of inhibition = zone of inhibition - diameter of the test 

14 material in contact with the agar). 

The results showed no zone of inhibition for die uncoated samples and a corrected zone 

16 of less than 1 mm for catheters sputtered in commercial argon at a working gas pressure of 

17 5 mT. A corrected zone of inhibition of 11 mm was reported for the catheters sputtered in 

18 the 99/1 wt% Ar/Oj using a working gas pressure of 40 mT. XRD analysis showed that the 

19 coating sputtered in 1% oxygm was a crystalline Ag film. This structure clearly caused an 

20 improved anti-microbial effect for the coated catheters. 

21 Table 5. Conditions of DC Magnetron Sputtaring Used for Anfi-Microbial Coatings 
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23 Samples Sputtered in Conunerdal Argon Samples Sputtmd in 99/1 wt% Ar/Qx 

25 Power 0.1 kW ~ Power 0.5 kW 
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1 Aigon Pressure: SmTotr Ar/O, Pressuze: 40mToir 

2 loitial Substrate Ten^jexatuie: 20°C fiiitial Substrate Teiqimtiiie: 20°C 

3 Catbode/Anode Distance: 40 mm Cadiode/Anode Distance: lOQmm 

4 Fibn TUckness: 2500 A Film Tbickness: 3000 A 

5 

6 Examples 

This example draaonstrates silver coatings fonned by aic evaporation, gas gratt^f^g 

8 evapoiatipn ^nessuieplating) and reactive arc eviration. Evaporation of 99.99 % silver was 

9 paformed onto silicon or alumina wafers at an initial substrate tenq)erature of about 2rc, 

10 using the parameters as follows: 

11 Bias: -100 V 

12 Current: 20 >^p-hrs 

13 Angle of incidence: 90** 

14 Working Gas Pressure: 0.01 mT (arc), 26 mT Ar/H^ 96:4 (gas scattering eviration), and 

15 26 mT O2 (reactive arc evaporation) 

No corrected ZOI was obs^ed for wafers coated at vacuum (arc). Pressure plating 

17 widi a worldng gas atmosphere containing Ar and 4 % hydrogm produced a 6 mm ZOI, while 

18 a working gas atmosphere of pure oxygai (reactive arc) produced an 8 mm ZOL Film 

19 thicknessesof about 4000 Angstroms were produced. The results indicate fiiat the pres«ce 

20 of gases such as hydrogen and/or oxygen in the arc evaporation atmosphere cause the coatings 

21 to have improved anti-microbial efifica^. 

24 
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1 Example 9 

2 This example is included to illustrate composite materials to produce anti- 

3 microbial effects. A set of coatings were produced by RF magnetron sputtering zinc oxide 

4 onto silicon wafers as outlined below. The zinc oxide coatings showed no zone of inhibition. 

5 Coatings of Ag and ZaO were deposited to a total thickness of 3300 Angstroms 

6 by sequentially sputtering layers of Ag with layers of ZnO, according to the conditions below, 

7 in a 75/25 wt% ratio. The coatings were demonstrated to have no zone of inhibition when 

8 the zinc oxide layers were about 100 Angstroms thick. However, films consisting of islands 

9 of very thin to discontinuous layers of ZnO (less than 50 Angstroms) in an Ag matrix (ie. a 

10 composite film) had a 8 mm corrected zone of inhibition. 

11 The conditions used to dqx)sit ZnO were as follows: Working gas = argon; 

12 Working gas pressure = 30 mT; Cathode-Anode distance: 40 mm; Initial Substrate 

13 Temperature: 21*C; Power: RF magnetron, 0.5 kW. 

^4 The conditions used to deposit the Ag were as follows: 

15 Working gas = argon; Working gas pressure = 30 mT; Cathode-Anode distance = 40 mm; 

16 Initial Substrate Tempraature = 2VC; Power = DC magnetron, 0.1 kW. 

17 Example 10 

18 This example demonstrates the effects of cold working and annealing silvw and 

19 gold powders on the antimicrobial ef&cacy demonstrated by a standard zone of inhibition test. 

20 Cold working of such powders results in a defective surfece structure containing atomic 

21 disorder which fevours the release of ions causing antimicrobial activity. The antimicrobial 

22 effect of this defective structure can be removed by annealing. 

25 
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1 Nanociystalline silver powder (crystal size about 30 nm) was spiiiilded onto 

2 adhesive tape and tested. A zone of inhibition of S mm was obtained, using the method set 

3 forth in Example 7. A 0.3g pellet of the nanocrystalline Ag powder was pressed at 40^000 

4 psi. The pellet produced a 9 mm zone of inhibition whm tested for antimicrobial activity. 

5 Nanocyrstalline silver powder was mechanically worked in a ball miU for 30 sec. The 

6 resulting powder was tested for antimicrobial activity, both by sprinkling the worked powder 

7 on adhesive tape and applying to the plates, and by pressing the powder into a pellet at the 

8 above conditions and pladng the pellet on the plates. The zones of inhibition obs^ed were 

9 7 and II mm respectively. A pellet that had been pressed from the worked powder was 

10 annealed at SOO^C for 1 hour under vacuum conditions. A reduced zone of inhibition of 3 mm 

11 was obs^ed for the annealed pellet 

^2 These results demonstrate that nanocrystalline silver powder, while having a 

13 small anti-microbial effect on its own, has an inqxroved antimicrobial effect by introducing 

14 atomic disorder by mechanical working of the powder in a ball mill or by pressing it into a 

15 pelleL The antimicrobial effect was significantly decreased by annealing at 500°C. Thus, 

16 conditions of mechanical working should not include or be followed by conditions such as high 

17 temperature, which allow diffusion. Cold mechanical working conditions are prefmed to 

18 limit diffusion, for example by worldng at room temperature or by grinding or milling in 

19 liquid nitrogen. 

20 Silver powder, 1 micron particle size, was tested in a manner amilar to above. 

21 The Ag powder sprinkled onto adhesive tape and tested for a zone of inhibition. No zone of 

22 inhibition was observed. The powder was worked in a ball mill for 30 seconds and sprinMed 

23 onto adhesive tape. A 6 mm zone of inhibition was observed around the powder on the tape. 

24 When the Ag powder (as is or after mechanical working in the ball mill) was pressed into a 
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1 0.3 g pellet using 40,000 psi, zones of inhibitira of 5 and 6 mm respectively were observed. 

2 A pdlet which was formed from the ball milled powder and which was annealed at SOO^C for 

3 1 hour had significantly reduced antimicrobial activity. Initially the pellet had some activity 

4 (4.5 mm zone of inhibition) but after the pellet was tested a second time, no zone of inhibition 

5 was obsoved. A control pellet which had not been annealed continued to give a zone of 

6 inhibition greater than 4 mm even after 14 repeats of the test. This demonstrates that an 

7 annealing step, following by mechanical working, limits the sustainable release of the 

8 antimicrobial silver spedes firom the powders. 

9 Nanocrystalline gold (20 nm crystals), sujiplied as a powder, was tested for anti- 

10 microbial effect by sprinlding the powder onto adhesive tape and using the zone of inhibition 

11 test. No zone of inhibition was recorded for the nanocrystalline gold powder. The gold 

12 powder was pressed into a 0.2 g pellet using 40,000 psi. A 10 mm zone of inhibition was 

13 observed. When the pressed pellets were subsequendy vacuum annealed at 500°C for 1 hour 

14 and the zone of inhibition was foimd to be 0 nun. 

1^ The results showed that solubility and thus the anti-microbial efficacy of gold 

16 powders can be improved by a mechanical working process such as pressing a nanocrystalline 

17 material into a pellet The antimicrobial activity can be removed by annealing. Cold working 

18 is preferred. 

19 Other gold powders including a 2-S micron and a 250 micron particle size 

20 powder did not demonstrate an antimicrobial effect under the above mechanical working 

2 1 conditions. It is believed that the small grain size of the nanocrystalline gold powder was an 

22 important co£actor which, with the mechanical working, produced the desired antimicrobial 

23 effect. 
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1 Example 11 

2 This «ample is included to d^onstrate a composite antiniiciobial coating 

3 formed by leactivesputtoing (another example of composite films). Example 7 demonstrates 

4 that an antimicrobial coating of silver can be obtained by ^utteting in argon and 1 % oxygen 

5 (0.5 kW, 40 mToir, 100 mm anode/cathodedistance, and 20^ - produced a zone of inhibition 

6 of 11 mm). 

7 "When a working gas of argon and 20 wt% 03^gen was used to sputter 

8 antimicrobial coatings under flie conditions listed below, the zcmes of inhibition ranged j&om 

9 6 to 12 nma. This indicates fbat tiie provision of a reactive atmosphere during v^ur 

10 deposition has the result of piodudng an antimicrobial film over a wide range of deposition 

11 process parameters. 

12 Sputtering Conditioiis 

13 Target 99.99% Ag 

14 WoridngGas: 80/20 wt96 Ar/Qi 
^5 Woridng Gas Pressure 2.5to50mToir 

16 Power 0.1 to 2.5 kW 

17 Substrate Tenqjerature: -5to20°C 

18 Anode/Caftode Distance 40 to 100 mm 

19 Base Pressure: less than 4 x 10* Torr 

20 Example 12 

This exanq>Ie demonstrates Hat the coatings of ftis invention have an 

22 antimicrobial efifect against a broad spectrum of bact^ia. 

A total of 171 differoit bactaial samples oicompasang 18 genera and 55 

24 species were provide by the Provincial Laboratory of PubUc Health for Northern Alberta. 

25 These samples had been quick frozen in 20% skim milk and stored at -70°C for periods 
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1 ranging ftom several months to several years. Fastidious organisms which were unlikely to 

2 grow under conditions used in standard Kirby-Bauer susceptibility testing were not used. 

3 Each frozen sample was serried with a sterile cotton swab to inoculate a blood 

4 agar plate (BAP). The plates were incubated overnight at 35"C. The following morning 

5 isolated colonies were subcultured onto fresh BAPs and incubated at 35'C overnight. The next 

6 day, the organisms were subjected to Kirby-Bauer suscq)tibility testing as described below. 

7 Four to five colonies (more if colonies were small) of the same morphological 

8 type WCTC selected from each BAP subculture and inoculated into individual tubes containing 

9 approximately 5 mL of tryptic soy broth (TSB). The broths were incubated at 35°C for 

10 approximately 2 to 3 hours. At fliis time, the turbidity of most of the broth cultures eitiier 

11 equalled or «cceeded that of a 0.5 McFarland standard. The more turbid samples were diluted 

12 with sterile saline to obtain a turbidity visually comparable to that of the standard. To aid in 

13 the visual assessmoit of turbidity, tubes were read against a white bacl^und with contrasting 

14 black line. 

15 A small numbor of the organisms (Streptococcus and Cotynebacterium) did not 

16 grow well in TSB. The turbidity of these broths, after incubation, was less than that of the 

17 0.5 McFarland standard. Additional cokmies ftom the BAP subcultures were inoculated to 

18 these tubes to increase the turbidity to jqjproximate that of the standard. 

19 Within 15 minutes of adjusting the turbidity of the bacterial suspensicms a stoile 

20 cotton swab was dipped into each broth. Excess fluid was removed by rotating the swab 

21 against the rim of the tube. The inoculum was J5>plied to a Mueller Hinton (MH) agar plate 

22 by streaking the swab evenly in three directions over the oitire agar sur&ce. Three 1 cm x 

23 1 cm silver coated silica wafer squares were applied to each MH plate and the plates were 

24 inverted and incubated overnight at 35®C. The coatings had been sputtered under the 

29 



3NSDOCID: <W0 9323092A1 I > 



wo 93/23092 PCr/CA93/00201 

1 foflowing conditions, which through XFD analysis were shown to be silver/silver oxide 

2 composite fOms: 



99.99% Ag 



10 
11 
12 
13 
14 
15 



18 
19 



3 

* Woridnggas: Ai/O^SOfh 

5 Working gas pressure: 40 mT 

6 Powen 0.1 kW 

7 Temperature of Deposition 20°C 

8 Base pressure 2xia*Toir 

9 Cathode/anode distance 40 mm 



BAP cultures of control organisms were provided by the Provincial Laboratory 
and induded: Staphylococcus aureus ATCC 25923; Pseudomonas aeruginosa ATCC 27853; 
Escherichia coU: ATCC 25922; and EnterococcusfaecaBs ATCC 29212 to check the quafity 
offiieMHagar. These cultures were treated in a like manner to the test organisms except 
that standard antibiotic discs rather tiian silver coated wafisrs were ^ed to the bacterial 
lawns on the MH agar. These organisms demanstrated that the MH agar was suitable for 
16 Standard ZOI tests. 

16 to 18 hours of incubation at 35«C zones of inhibition around the sUver 
wafers orantibiotic discs were measured to the nearest mm. Corrected zones were calculated 

by subtracting the size of the wafer (1cm) ftom the size of the total zone. Representative 
20 zone of in h i b i tio n results are shown in Table 7. 
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1 

2 

3 
4 
5 
6 
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8 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 



Td>le7: llieSenaitMty of a Broad ItaogerfRfficroacsaaisaistoSaver* Coated SiScimWaftn 



Ocgmiin 



Sufk y lo e o ee i tt epUenniiBs RC-455 blood 



BaeOlus Udien(fitfmU It-2138 



tibia 



CmyMbaeuriam^ R-594 



leg 



LUteria monocytogenes R-590 



blood 



EmerocoeeiafiEeealU SR^1I3 



Str^toGoecus bans SR-62 



blood 



EscheriMa eeU R-1878 



Klebsiella czonae R-308/90 



Enten^aeterdaaeae R-i682 



unknown 



Proteus imlgaris 3781 



Pravideneia marm U-3 179 



CUrobacterfremdU 0-3 122/90 



SaimoneUa typhumriam ER-1154 



Serraria marceseens R-850 



Pseudomonas aeruginosa U-3Q27 



XanOummasmaUaphiia 90-lOB 



unknown 



Aeromonas caviae R*121 1 



wound 



BranhameUa eatarrbaUs R-2681 
Silver d^NMitioD* 



Comded Zone of 
Inhibitioa(iiiiD) 



10 



10 



10 



11 



10 



10 



12 



31 



BNSOOCID: <WO 9323092A1 I > 



wo 93/23092 PCr/CA93/00201 
1 Example 13 . 



7 
8 
9 
10 
11 



This example demonstrates the use of tantalum as an adhesive layer for coatings 
of this invention. Tantalum is well known as a material which, in the form of an interlayer, 
improves adhesion of thin fflms to substrates. In this example test sections including a group 

5 of stainless steel (316) (1 x 1 cm) and siUcon (1.7 X 0.9 cm) coupons and sections of latex 

6 tubing (5 cm) were cleaned in ethanol and then half of the test sections were coated (by 
sputtering) with a thin layer (^rox. 100 Angstroms) of Ta before an antimicrobial silver film 
was deposited on them. The second group of die test sections were only coated witii the 
antimicrobiaiAgfilm. Coating conditions are listed below. While all test sections had similar 
antimicrobial activity, the Ta coated test sections had much better adhesion pn^pertiestiian did 
tiie untreated test sections. Adhesion properties were determined using ASTM method D3359- 

12 87, a standard test metiiod for measuring adhesion. 

Sputteiing Conditions 

14 Target: 99.99% Ta 

15 Working Gas: 99/1 wt% Ar/Oi 
Working Gas Pressure: lo mTorr 

17 Powen 0.5 

Cathode/Anode Distance: 100 mm 

19 Substrate Temperature: 20°C 

20 Target: 99.99% ^g 

21 Working Gas: 99/1 wt% Ar/0, 

22 Working Gas Pressure: 40 mTorr 

23 Power: 0.5 kW 

24 Cafliode/Anode Distance: 100 mm 

25 Substrate TempMature: 20°C 

26 Example 14 

magnetron sputtering was used to deposit silver from a 99.98% pure 
cathode onto silicon and alumina wafers witii commercial argon moisturized witii water as die 
working gas. ITie argon was moisturized by passing it tiirough two flasks containing 3 litres 
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1 of room temperature water and one empty flask set up with glass wool to absorb any free 

2 liquid before the gas entered the sputtering unit. 

3 The conditions of fluttering and the results of the standard zone of inhibition 

4 test performed on the sputtered silver films are shown below. Silver films which normally 

5 had no antimicrobial properties when deposited using argon that had not been treated with 

6 watCT yielded a corrected zone of inhibition of up to 8 mm when sputtered using a argon/water 

7 vapour mixture as the working gas. 

8 Tables: r^^^Mti^ t^^ nr Mag«^<«m Sittegfag at Aati-Mienihgal CaotiM 

9 , 

10 WofkingGfti Wocking Gas Power Submte Anode/Cathode Corrected 

11 Pressure Tempenture DUunce ZOl 

12 , 

13 Commercial Aigoii lOmTorr OJkW -KTC 100 mm 0 mm 

14 Ar passed throu^ 

15 H,0 lOmToiT O^kW -10^ 100 mm 8 mm 

16 

17 All publications mentioned in this specification are indicative of the level of skill 

18 of those skilled in the art to which this invention pertains. All publications are herein 

19 incorporated by reference to the same extent as if each individual publication was specifically 
2 0 and individually indicated to be incorporated by reference. 

2 1 The terms and e^qiressions in this q>ecification are used as terms of description 

2 2 and not of limitation. There is no intention, in using such terms and expressions, of excluding 

23 equivalents of the features illustrated and described, it being recognized that the scope of the 

24 invration is defined and limited only by the claims which follow. 
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1 SMm 

2 1- A modified material conqmstng: 

3 one or more metals in a fonn ch a r ac t erized by sufficient atomic disorder such 

4 that the material, in contact With a solvent for the material, releases atoms, ions, molecules 

5 or clusters containing at least one metal at an enhanced rate relative to its normal ordered 

6 crystalline state. 

^ 2. Ilie material as set forth in claim 1 in the form of a powder or foiL 

® 3- material as set forth in daim 1 in the form of a coating. 

® ^- The material as set forth in claim 2, wheran the material is cold worked to 

10 create the atomic disorder. 

" ^« notorial as set forth in claim 3, wherein the material is formed by vapour 

12 deposition. 

" ^' '"^^"^ate^Jal as set forth in daim 5, wherdn the material is formed by physical 

14 vqiour depoation. 

" ^- ^® "2*^ as set forth in claim 1,2 or 3, wherein at least one of the metals 

16 is an antL-microbial metal and wherem the material is formed with sufficient atomic disorder 

17 that the atoms, ions, molecules or chisters of the anti-microbial metal are released on a 

18 sustainable basis. 

" ^' ^ material as set forth in claim 1, 4, or 6, wherein the metal is selected ftom 

20 the group consisting of Ag, Au, Pt, Pd, Ir, Sn, Cu, Sb, Bi, and Zn or an alloy or compomid 

21 thereof. 

^' ""^^ material as set forth in claim 1,4, or 6, wherein the metal is Ag,Au or ^ 

23 I*<ioranaUoy or compound of one or more of these metals. 
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1 10. A method of forming a modified material contaiiung one or more metals, said 

2 method comprising: 

3 creating atomic disorder in the material under conditions which limit diffusion 

4 such that sufficirat atomic disorder is retained in the material to provide release of atoms, 

5 ions, molecules or clusters of at least one of the metals into a solvent for the material at an 

6 rahanced rate relative to its normal ordoed crystalline state. 

7 11. The method as set forth in claim 10 wh^ein the material is a powder or foil 

8 of one or more of the metals, and wherein the atomic disorder is formed by cold working of 

9 the powder or foil. 

10 12. The method as set forth in claim 11, wherein the powder or foil is worked at 

11 a temperature below the recrystallization temperature for the powder or foil to retain atomic 

12 disorder. 

13 13. The method as set forth in claim 12, wherein the material is a nanocrystalline 

14 powder. 

15 14. The method as set forth in claim 12, wherein at least one of the metals is an 

16 anti-microbial metal, and wherein the material is formed with suf&cient atomic disorder that 

17 atoms, ions, molecules or clusters of the anti-mioobial metal are released on a sustainable 

18 basis. 

19 IS. The method as set forth in claim 12, wherein at least one of the metals is 

20 selected from the group consisting of Ag, Au, Pt, Pd, Ir, Sn, Cu, Sb, Bi and Zn or alloys or 

21 compounds of one or more of these metals. 

22 16. The method as set forth in claim 12, wherein at least one of the metals is Ag, 
^ 23 Au or Pd or an alloy or compound containing one or more of these metals. 
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1 17. The method as set foitfa in claim 12, whereiii at least one of tiie metals is silver 

2 or an alloy or compomid containing silver. 

3 18. The method as set forth in daim 10, wheidn the niateiial is formed as a coating 

4 on a substrate by vapour deposition under conditions which limit diffusion during d^sition 

5 and which limit annealing or recrystallization following deposition. 

6 19. The m^od as set fordi in daim 18, wheidn the material is formed by physical 

7 v^ur dqwsition. 

8 20. The method as set forth in daim 19, wherein die material is a coating of one 

9 or more of the m^als formed on a substrate by vacuum evaporatum, sputtering, magnetron 
10 sputtering or ion plating. 

The mediod as set fortfi in daim 20, «^ieiem the deposition is performed under 

12 conditions such that the ratio of the temperature of the substrate to the melting point of the 

13 metal or metal compound being deposited is maintained at less dian about 0.5. 

22. The mediod as set forth in claim 21 Mdierdn the ratio is maintained at less than 

15 about Oi3. 

•"•^ 23. The method as set forfli in daim 21, wherem the deposition is poformed such 

17 that the angle of inddence of the coating flux on the substrate to be coaled is less tiian about 

18 75', 

^® 24. The metiiod as set forth in claim 21, wherein flie deposition is performed by 

20 arc evaporation at an ambient or woridng gas pressure of greater tiian about 0.01 mT. 

25. The mediod as set forth in daim 21, whodn the dqposition is performed by 
22 gas scattering evaporation at a working gas pressure of greater than about 20 mT. 

26. The metiiod as set forth in claim 21, whraein the dqiosition is performed by 
24 sputtering at a working gas pressure of greater than about 75 mT. 
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1 27. The method as set forth in claim 21, wfaereiii the deposition is performed by 

2 magnetron sputtering at a working gas pressure of greater than about 10 mT. 

3 28. The method as set forth in claim 21, wherein the dqmsition is performed by 

4 ion plating at a working gas pressure of greats than about 200 mT. 

5 29. The method as set forth in claim 20, wherein at least one of the metals is an 

6 anti-microbial metal and wherein the material is formed with suffidrat atomic disorder that 

7 atoms, ions, molecules or clusters of the anti-microbial metal are released on a sustainable 

8 basis. 

9 30. The method as set forth in claim 21, 23 or 27, wherein at least one of the 

10 metals is an anti-mic^obial metal and v/hexem the material is formed with sufficient atomic 

11 disorder that atoms, ions, molecules or clusters of the and-microbial metal are released on a 

12 sustainable basis. 

13 31. The method as set forth in claim 20, wherein a composite coating is formed by 

14 CO-, sequentially or reactively depositing a first metal in a matrix with atoms of molecules of 

15 a diffimnt material firom the first metal such that atomic disorder is created in the matrix. 

16 32. The method as set forth in daim 31, wherein the first metal is an anti-microbial 

17 metal and wherein the different material is atoms or molecules reactiyeiy deposited into the 

18 matrix from the working gas atmosphere during deposition. 

19 33 . The mefliod as set fordi in claim 3 1 , whmin the first metal is an anti-microbial 

20 metal and wherein the different material is atoms or molecules selected fi-om oxides, nitrides, 

21 carbides, borides, sulphides and halides of an inert biocompatible metal. 

22 34. A. method of forming an antimioobial coating on a device intended for use in 
^ 23 contact with an alcohol or water based electrolyte, comprising: 
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1 depositing a coating containing an anti-miciobial metal on the surface of the 

2 device by vapour deposition to provide a thin film of the metal having atomic disorder such 

3 that the coating, in contact with an alcohol or a water based electrolyte, provides a sustained 

4 release of the metal ions, atoms, molecules or clusters into the alcohol or water based 

5 electrolyte at a concentration sufficient to provide a localized anti-microbial effect. 

6 35. The method as set forth in claim 34, wherdn the dqwsition is perfonned by 

7 a physical vapour deposition technique selected from vacuum evaporation, sputtering, 

8 magnetron sputtering or ion plating, under conditions which limit diffusion during deposition 

9 and which limit annealing or recrystallization following deposition. 

^0 36. The method as set forth in claim 35, wherein the dqwsition is poformed such 

11 that the ratio of the ten^^erature of the surface being coated to the melting point of the metal 

12 is maintained at less than about 0.5. 

37. The method as set forfli in claim 36, whraein the dqwsition is performed such 

14 that the angle of inddence of the coating flux on the medical device to be coated is less than 

15 about 75^ 

38. The metfiod as set forth in claim 36 or 37, wherein the deposition is performed 
17 by arc evaporation at an ambient or working gas pressure of greater than about 0.01 mT. 
^® 39. The method as set forth in claim 36 or 37, wherein the deposition is performed 
19 by gas scattering evaporation at a working gas pressure of greater than about 20 mT. 

40- The method as set forth in claim 36 or 37, wherein the deposition is performed 

21 by sputtering at a working gas pressure of greater than about 75 mT. 

22 41. The method as set forth in claim 36 or 37, wherein the deposition is performed 

23 by magnetron sputtering at a worlking gas pressure of greater than about 10 mT. 

38 



B.NSDOCID: <W0 9323092A1 I > 



wo 93/23092 PCT/CA93/00201 

1 42. The method as set forth in claim 36 or 37, whodn the dqx)sition is performed 

2 by ion plating at a working gas pressure of greats than about 200 mT. 

3 43. The method as set forth in claim 36 or 37 wherein the metal is selected from 

4 the group consisting of Ag, Au, Pt, Pd, Ir, Sh, Cu, Sb, Bi, and 2^ or an alloy or compound 

5 containing one or more of these metals. 

6 44. The method as set forth in claim 36 or 37 wherein the metal is Ag, Au or Pd 

7 or an aUoy or compound containing one or more of these metals. 

8 45. A medical device intmded for use in cmtact with an alcohol or water based 

9 electrolyte having an anti*microbial coating on its surface, comprising: 

10 a medical device formed of a substantially bioinert structural mat^ial; and 

11 an anti-microbial coating formed on the surface of the medical device, said 

12 coating being formed from one or more anti-microbial metals and having suf&dent atomic 

13 disordo* such that the coating, in contact with an alcohol or water based electrolyte, provides 

14 a sustained release of the metal ions, atoms, molecules or clusters into the alcohol or water 

15 based electrolyte at a concentration suffident to provide a localized anti-microbial effect. 

16 46. The medical device as setforth in claim 45, wherein the deposition is performed 

17 by a physical vapour deposition technique sdected from vacuum evaporation, sputtering, 

18 magnetron sputtering or ion plating. 

19 47. The medical device as set forth in daim 46, wherein the metal is selected from 

20 the group consisting of Ag, Au, Pt, Pd, Ir, Sn, Cu, Sb, Bi, and Zn or alloys or compounds 

21 containing one or more of said metals. 

22 48. The medical device as set forth in claim 46, whoein the metal is Ag, Au or Pd 

23 or an alloy or compound containing one or more of these metals. 



39 



BNSDOCID: <WO 9323092A1 I > 



wo 93/23092 PCr/CA93/00201 

1 49. The maieiM as set fiirtfa in claim 6, wheidii the coating is a com^ 

2 fonned ftom at least one first metal, which is fte metal to be released, in a matrix containing 

3 atoms or molecules of a different material ftom the first metal, the atoms or molecules of tite 

4 diffoent material creating atomic disorder in the matrix. 

5 50, The material as set forth in daim 49, wherein fte different material is selected 

6 from reacted species of flie first metal or metal compound; absorbed or tnqiped atoms or 

7 molecules of oxygen, nitrogen, hydrogen, boron, sulphur and halogen; and a second metaL 

8 51. The material as set forth in daim 50, wherein the first metal is an anti-mictobial 

9 metal and tiie different material is selected ftom oxides, nitrides, hydrides, haUdes, boiides, 

10 and carbides of an anti-microbial or a second metal; and absoriied or trapped atoms or 

11 molecules containing oxygen, nitrogen, hydrogen, boron, sulphur and hak)gen. 

^2 The material as set forth in daim 49, wherein the first metal is an anti-miciobial 

13 metal and die different material is an oxide, nitride, boride, sulphide, ha&de or hydride of an 

14 inert metal selected ftom Ta, Ti, Nb, V, Hf, Zn, Mo, Si, and Al. 

^ material as set forth in claim 49, comprising sflver oxide, silver metal and 

16 qptionaUy absorbed or trapped atoms or molecules containing oxygen, nitrogen, hydrogen, 

17 boron, sulphur and halogen. 

The method as set fiirth in claim 18, wherein the modified material is a 

19 composite coating formed by co-, sequentiaUy or reactively depositing a first metal in a matrix 

20 with atoms or molecules of a different material ftom the first metal such that atomic disorder 

21 is created in die matrix. 

The method as set forth in claim 53, wherein the first metal is an anti-microbial ^ 
metal and wherran the different material is sdected from atoms or molecules containing ® 
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1 oxygm, nitrogen, hydrogen, boron, sulphur and halpgen absoxbed or trapped in the matrix 

2 from the atmosphere of the vapour deposition. 

3 56. The method as set forth in claim 54, wh»ein the first metal is silver and the 

4 different material is selected from atoms or molecules containing oxygen, nitrogen, hydrogen, 

5 boron, sulphur and halogra. 

6 57. The method as set forth in claim 55, wherein the first metal is an anti*microbial 

7 metal and whoein the different material is an oxide, nitride, carbide, boxide, halide, sulphide 

8 or hydride of an inert metal selected from Ta, Ti, Nb, V, Hf, Zn, Mo, Si and Al. 

9 58. The method as set forth in claim 57, wherein the first metal is silver and the 
10 differmt material is an oxide of Ta, Ti or Nb. 
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